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Recurrent syncope in the child with a normal heart poses both 
diagnostic and therapeutic problems. To assess autonomic contri-
butions to syncope, formal autonomic function testing was per-
formed in 22 children (aged 7 to 18 years) with recurrent syncope 
and a normal heart. Autonomic testing consisted of eight to nine 
separate tests; 14 of the 22 patients had reproduction of syncope or 
symptoms during testing. 
Patients with a positive test had a lower norepinephrine level 
while supine (334 ± 86 versus 547 ± 169 pg/ml, P < 0.01) and 
lower norepinephrine level in the upright position (628 ± 219 
versus 891 ± 270 pg/ml, p < 0.05) than did patients with a 
negative test. The slope of heart rate response versus log isopro-
terenol dose was greater in patients with a positive test than in 
Occasionally, a child may have recurrent episodes of syn-
cope or near syncope that cause harm, are potentially 
harmful or limit the child's activities. Recent evidence (l,2) 
from selected groups of patients has indicated several poten-
tial mechanisms, implicating components of the autonomic 
nervous system as responsible for the faint. The terms 
"vasovagal syncope," "vasodepressor syncope" and "or-
thostatic hypotension" have been applied to these events, 
with little consideration of discriminating mechanisms or 
etiology. Certainly, the isolated typical faint is a more 
common event, occurring in as many as 15% to 20% of 
children. 
This report focuses on those children with recurrent 
syncope and a normal heart. The results offormal autonomic 
function testing are presented in an attempt to identify 
features that point toward underlying mechanisms of the 
syncope. 
Methods 
Study patients. Twenty-two patients are included in this 
report. All patients were referred for episodes of recurrent 
syncope or presyncope. Informed consent was obtained for 
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those with a negative test (1.70 ± 0.70 versus 0.89 ± 0.19, P < 
0.01). AU five patients with a positive test who were given 
intravenous propranolol had elimination of syncope with repeat 
testing. Eight of 10 patients with a positive test were successfuUy 
treated with atenolol, including 2 patients without prior resolution 
of symptoms after pacemaker implantation for symptoms attrib-
uted to bradycardia. 
Beta-adrenergic hypersensitivity may cause recurrent syncope 
in young patients. Inappropriate heart rate response to standing 
may elicit the Bezold-Jarisch reflex, resulting in bradycardia or 
hypotension, or both, in some patients. Beta-adrenergic blockade 
is of benefit in many of these patients. 
(J Am Coll CardioI1991;17:1168-71) 
autonomic testing, and the protocol was approved by the 
Institutional Review Boards of the Baylor College of Medi-
cine and Texas Children's Hospital. All patients had an 
electrocardiogram (ECG), 24 h Holter ECG monitor, tread-
mill exercise test and echocardiogram performed before they 
underwent autonomic testing. 
Formal autonomic function testing. Testing was per-
formed with patients in the nonsedated state 2:2 h after a 
light lunch. All tests were begun at the same time of day 
(l:00 PM) to address potential circadian variability in auto-
nomic tone (3). Testing was performed in the cardiac cath-
eterization laboratory solely because of the availability of 
recording equipment. An 18 or 20 gauge intravenous line was 
placed in the left hand or forearm. Using local anesthesia 
with 2% xylocaine, a 20 gauge catheter was then inserted 
percutaneously in the right radial or right brachial artery. A 
rest period of 15 to 20 min was allowed before testing. Heart 
rate and blood pressure were then recorded continuously 
throughout the period of testing. 
Autonomic testing consisted of eight or nine separate 
tests: l) quantitative Valsalva maneuver (4) was performed 
to 40 mm Hg. The cardioaccelerator index (heart rate in 
phase 2 minus heart rate in phase 0) and the Val salva ratio 
(longest RR interval in phase 4/shortest RR interval in phase 
2) were measured. 2) Carotid sinus massage was performed, 
with measurement of the heart rate and blood pressure 
response. 3) Respiratory sinus arrhythmia was evaluated, 
measuring the maximal and minimal heart rates and blood 
pressures during quiet breathing (respiratory rate 6 breaths/ 
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min). 4) Serum catecholamine levels (norepinephrine and 
epinephrine) were measured in the supine and standing 
positions. 5) Heart rate and blood pressure were continu-
ously monitered during 10 min of quiet standing. 6) The face 
was immersed in ice water to elicit the diving reflex re-
sponse. 7) The baroreceptor response to intravenous phe-
nylephrine was assessed by using incremental doses of 10, 
25, 50, 100, 200 and 400 JLg until mean blood pressure 
increased 25 mm Hg. 8) The heart rate response to intrave-
nous isoproterenol was assessed by administering incremen-
tal doses of 0.1, 0.25, 0.5, 1,2 and 4 JLg until the heart rate 
increased >25 beats/min over heart rate at rest. 9) Intrave-
nous propranolol was administered to several patients as the 
final test when it was suspected that exaggerated heart rate 
responses played a role in the generation of symptoms. The 
dose was 0.1 to 0.15 mg/kg and the 10 min stand was then 
repeated. 
Patient demographics. There were 22 patients in this 
study, 14 female and 8 male, whose average age was 13 years 
(range 7 to 18). Five patients were < 10 years of age. Average 
duration of symptoms before testing was 23 months (range 2 
to 72). Two patients had previously undergone placement of 
a ventricular endocardial pacing system for severe bradycar-
dia associated with syncope, but continued to have syncopal 
episodes. 
Symptoms. A variety of symptoms (in addition to syn-
cope or near syncope) were identified by history and in-
cluded chest pain, palpitation, nausea, fatigue, anxiety and 
cold hands or feet. There was a tendency for patients with a 
positive autonomic test to report nausea (9 of 14), diarrhea (3 
of 14) and chest pain (4 of 14) more often than patients with 
a negative test (1 of 8, 0 of 8 and 1 of 8, respectively), but 
these findings did not achieve statistical significance. Most 
syncopal episodes occurred with standing, although five 
patients also had episodes during prolonged sitting. Injury or 
potential harm was a frequent complaint and consisted of 
cuts, bruises, a broken wrist, falling down stairs and syncope 
while swimming. Two teenagers had had witnessed episodes 
of syncope while driving a car, fortunately without serious 
consequences. 
Previous studies. Before referral for autonomic testing, 
many patients had evaluations consisting of neurologic con-
sultation in 12, electroencephalography in 13, cranial com-
puted tomography in 7, intracardiac electrophysiologic study 
in 4 (2 in Houston and 2 elsewhere) and endocrinologic 
assessment in 4 (including glucose tolerance testing). All 
evaluations were nondiagnostic. Rest ECGs were normal in 
all but one patient with a negative test (first degree atrioven-
tricular block) and one patient with prior pacemaker implan-
tation (pacing at lower rate limit). No patient had evidence of 
diabetes mellitus. 
Data analysis. For the purpose of data analysis, patients 
were placed into two groups, based on whether bradycardia, 
hypotension or other symptoms, alone or in combination, 
were reproduced during testing. Statistical analysis for each 
test began with analysis of variance, followed by a t test for 
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descriptive statistics with a significance level of p < 0.05. 
Linear regression analysis was performed to determine 
whether there were correlations between observed values 
and patient age. 
Results 
Autonomic Function Testing (Table J) 
There were no significant differences in responses to the 
Valsalva maneuver, carotid sinus massage, diving reflex or 
intravenous phenylephrine in the two groups with a positive 
or negative autonomic function test. Additionally, there was 
no difference in age between the two groups (12.1 ± 3.9 and 
13.1 ± 2.4 years, respectively). 
Respiratory sinus arrhythmias. A greater degree of blood 
pressure variation was observed in patients with a negative 
test compared with those with a positive test as measured by 
the ratio of maximal and minimal pressure (1.22 ± 0.08 
versus 1.12 ± 0.05, P < 0.01). Younger patients had more 
heart rate variability (p < 0.001) and blood pressure variabil-
ity (p < 0.05) than did older patients (linear regression). 
Serum catecholamines (Fig. 1). Serum norepinephrine 
levels were significantly lower in patients with a positive test 
than in those with a negative test in both the supine (334 ± 
86 versus 547 ± 169 pg/ml, p < 0.01) and standing positions 
(628 ± 219 versus 891 ± 270 pg/ml, p < 0.05). The ratio of 
standing to supine values was similar for the two groups. 
Serum epinephrine levels showed wide variability, with 
three patients with a positive test having a large increase 
during standing. Although the mean values for the two 
groups were disparate, the standard deviations were such as 
to prevent this observation from reaching statistical signifi-
cance. When these three patients were removed from anal-
ysis, there were no differences in serum epinephrine levels 
between the two groups (191 ± 154 versus 240 ± 181 pg/ml, 
respectively). Younger patients tended to have a higher 
supine epinephrine level than older patients (p < 0.05). 
Quiet standing. Patients with a positive test had syncope 
during standing at an average time of 4.6 min (range 2 to 10). 
Seven of these patients had both bradycardia and hypoten-
sion and five had hypotension without significant bradycar-
dia. Two additional patients had either bradycardia or repro-
duction of symptoms of dizziness, nausea, headache or 
emesis. Eight patients did not experience syncope, hypoten-
sion, bradycardia or symptoms at any time during testing. 
There were no differences in maximal heart rate or degree of 
heart rate increase with standing between the two groups, 
although patients with a positive test had more persistent 
elevation of heart rate (p < 0.05). Eight (75%) of 12 patients 
who eventually had hypotension exhibited a remarkable 
phasic variation in blood pressure during the 1 to 2 min 
before syncope. No patient had apnea. 
Isoproterenol dose response. Patients in the positive test 
group were more sensitive to small doses of isoproterenol 
than were patients with a negative test (p < 0.01). This is 
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Table 1. Results of Autonomic Function Testing in 22 Patients 
Positive Negative 
Test Test p 
Test (n = 14) (n = 8) Value 
VaIsalva maneuver 
Cardioaccelerator (beats/min) 35 ± 15 35 ± 15 NS 
VaIsaIva ratio 1.82 ± 0.45 1.94 ± 0.41 NS 
Carotid massage 
Mean BP increase (mm Hg) 4 ± 3 4 ± 3 NS 
Mean HR decrease (beats/min) 2 ± 3 3 ± 3 NS 
Respiratory sinus arrhythmia 
Max HRimin HR (beats/min) 1.46 ± 0.20 1.42 ± 0.20 NS 
Max HR - min HR (beats/min) 30 ± 12 28 ± 13 NS 
Max BP/min BP (mm Hg) 1.12 ± 0.05 1.22 ± 0.08 <0.01 
Max BP - min BP (mm Hg) 14 ± 6 18 ± 6 NS 
Serum catecholamines (pg/ml) 
Supine NE 334 ± 86 547 ± 169 <0.01 
Stand NE 628 ± 219 891 ± 270 <0.05 
Supine NE/stand NE 1.94 ± 0.69 1.70 ± 0.53 NS 
Supine epi 116 ± 73 127 ± 67 NS 
Stand epi 1,020 ± 1,912 241 ± 181 NS 
Supine epilstand epi 9.2 ± 14.6 1.97 ± 0.74 NS 
10 min stand (beats/min) 
Max HR - rest HR 41 ± 20 39 ± 10 NS 
Max HRirest HR 1.55 ± 0.24 1.48 ± 0.11 NS 
HR at 4 min - rest HR 37 ± 18 21 ± 6 <0.05 
Diving reflex 
Max HR - min HR (beats/min) 35 ± 25 38 ± 16 NS 
Max BP - min BP (mm Hg) 43 ± 29 27 ± 10 NS 
Phenylephrine 
Slope BP vs log dose 0.79 ± 0.19 0.66 ± 0.15 NS 
Isoproterenol 
Slope HR vs log dose 1.70 ± 0.70 0.89 ± 0.19 <0.01 
Values are mean value ± SD. BP = blood pressure; epi = epinephrine; 
HR = heart rate; Max = maximal; min = minimal; NE = norepinephrine; 
stand = standing. 
reflected in a steeper slope of heart rate versus log isopro-
terenol dose. 
Intravenous propranolol. Five patients with syncope dur-
ing standing were given intravenous propranolol at the end 
of autonomic testing and then underwent 10 min standing. 
The tachycardia recorded during early standing was blunted 
in every patient and all patients had the ability to stand for 
the full 10 min period. 
Response to Therapy 
Eleven of 14 patients with a positive test were treated 
with beta-adrenergic blockade (atenolol). Early in our expe-
rience, several patients were treated with oral salt-loading 
alone or in combination with fludrocortisone (Florine!). The 
follow-up period ranged from 6 to 28 months. Successful 
elimination of syncopal or near syncopal episodes was 
achieved in 12 of 14 patients: 10 of 11 with atenolol and 2 of 
3 with salt-loading and fludrocortisone. Two of the four 
patients with a negative test who were treated with salt-
loading or fiudrocortisone, or both, had fewer or less severe 
episodes of syncope. 
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Figure 1. Serum norepinephrine (NE) values in supine and standing 
positions for 14 patients with a positive autonomic function test 
(filled circles) and 8 patients with a negative test (open triangles). 
Bars display mean values ± SD.*p < 0.01; tp < 0.05. 
Discussion 
The present series illustrates the potential importance of 
investigating autonomic function in children with recurrent 
syncope. Many of these children had extensive evaluation 
before autonomic testing without delineation of a clear cause 
of the episodes. Fourteen of the 22 children tested had 
reproduction of syncope or symptoms, or both, with this 
mode of investigation. 
Syncope and catecholamines. Serum catecholamine val-
ues represent a fraction of the total trans synaptic pool of 
secreted catecholamine. Our results show that patients in the 
symptomatic group had lower supine and standing norepi-
nephrine levels than did patients without reproduction of 
symptoms. Reduced serum levels could be the result of 
decreased norepinephrine production, inability to store or 
release norepinephrine, increased postsynaptic hormone re-
ceptor binding (due to increased receptor affinity or number) 
or increased presynaptic catecholamine reuptake (5). Addi-
tionally, our data show a similar ratio of standing to supine 
norepinephrine levels between the two groups. This could be 
interpreted as reflecting intact hormone production and 
releasing functions, leaving increased postsynaptic hormone 
receptor binding or increased presynaptic reuptake as poten-
tial explanations for the lower overall serum norepinephrine 
levels in patients with a positive test. The greater sensitivity 
of heart rate response to small doses of intravenous isopro-
terenol in the symptomatic patients compared with patients 
without reproduction of symptoms provides evidence 
against presynaptic mechanisms. 
Recent work by Davies et al. (I) in adults with mitral 
JACC Vol. 17, No.5 
April 1991:1168-71 
valve prolapse and symptoms similar to our patients re-
vealed components of beta-adrenergic hypersensitivity and 
supercoupling of the hormone receptor complex and adenyl-
ate cyclase. Unlike our pediatric patients without mitral 
valve prolapse, these adults with prolapse had normal supine 
and higher standing norepinephrine values than those of 
control subjects. The underlying mechanisms in our patients 
therefore may differ somewhat, but the study by Davies et 
al. (1) shows that supercoupling causing "beta-hypersensi-
tivity" can occur in patients. 
Mechanism of syncope. An explanation of the apparent 
paradox of beta-adrenergic hypersensitivity and "vasova-
gal" reactions has been proposed by Milstein et al. (6). After 
assumption of an upright posture, venous pooling occurs and 
compensatory tachycardia ensues. In patients with beta-
adrenergic hypersensitivity, this tachycardia is augmented, 
as is cardiac contractility. Echocardiographic indexes of 
increased ventricular contractility have been noted in pa-
tients before the onset of hypotension by Kronenberg et al. 
(7). With tachycardia and the decrease in diastolic filling time 
and increased contractility, ventricular mechanoreceptors 
show increased activity (8), resulting in the reflex bradycar-
dia and hypotension of the Bezold-larisch reflex (9). The 
sequence of decreased intrathoracic blood volume, in-
creased cardiac contractility in the presence of beta-
adrenergic hypersensitivity and subsequent triggering of the 
Bezold-larisch reflex is an appealing hypothesis for the 
phenomenon of syncope in our patients. We speculate that 
developmental factors may account for the observation that 
syncope in children with a normal heart does not occur often 
in children <6 to 7 years of age. 
Definitions. Seven patients with a positive autonomic 
function test had both bradycardia and hypotension and five 
had hypotension alone. These patients are typically labeled 
as having "vasovagal" and "vasodepressor" forms of syn-
cope, respectively. Our data do not allow mechanistic dis-
crimination between these two types of patients, but show 
that beta-adrenergic factors play an initiating role in both. 
Conclusions. Our data show that beta-adrenergic hyper-
sensitivity is a causative factor in recurrent syncope in 
children with a normal heart. Elimination of inappropriate 
sinus tachycardia by means of beta-blockade can reduce or 
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suppress recurrent episodes of syncope in many patients. 
Complete formal autonomic function testing probably is not 
necessary to distinguish those patients with syncope who 
have beta-adrenergic hypersensitivity from those who do 
not. However, symptoms alone cannot make this distinc-
tion. Data do not exist to suggest that the use of tilt tables 
with or without isoproterenol infusion (2,10) is of greater 
diagnostic or investigational utility than is simple standing 
with continuous blood pressure monitoring. Although fur-
ther work needs to be done to determine the differences 
among "vasovagal" and "vasodepressor" forms of syn-
cope, age-related changes in autonomic function and results 
of crossover therapy, it is apparent that beta-blockade is of 
benefit in many young patients with recurrent syncope. 
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